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A capillary electrophoresis fingerprint method was established to evaluate the quality of Dendrobium candidum. The method of sample
preparation and the electrophoresis condition were optimized to obtain highly sensitive and specific capillary electropherogram. The analysis was
performed on a fused-silica capillary (65 cm×75 µm i.d). The detection wavelength was 195 nm and a voltage of 20 kV was applied. The
background electrolyte was a 40 mmol/L sodium borate solution (5% methanol, v/v) adjusted to pH 9.5 with 0.1 mmol/L NaOH solution.
Medicinal materials were extracted by ethanol reflux for 2 h. The capillary electrophoresis fingerprints of 69-sample of Dendrobium candidum
species from 10 different areas showed 15 characteristic peaks which could be applied to identification of this species. The coefficients were from
0.854 to 0.963 between standard fingerprint and each sample. The quantitative data of the fingerprints were analyzed by principal component
analysis (PCO), UPGMA cluster analysis and the results showed that samples from different regions could be divided into three groups. Moreover,
a rapid and convenient discriminant function was established to classify the Dendrobium candidum plants. The data revealed that the coincidence
rate of all samples attached 100% by this discriminant model. The method is reliable and could be used to control the quality of medicinal plants
including Dendrobium candidum species in the future.
© 2009 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Capillary electrophoresis; Dendrobium candidum; Discriminant analysis; Fingerprint; Similarity analysis1. Introduction
Dendrobium candidum, orchidaceae, is a precious herbal
plant in Chinese traditional medicine and has been used as a
therapeutic agent for curing cataract, throat inflammation, fever
and chronic superficial gastritis or as a tonic for promoting the
production of body fluid and improving the quality of life (Bao
et al., 2001). The aerial parts of Dendrobium plants including
D. candidum are often collected, cut into pieces, and then
dried for medicinal usages. Plants of D. candidum are widely
distributed to Zhejiang province, Guangxi province, Jiangxi
province, Hu'nan province, Guangdong province, Fujian
province, Yun'nan province and Anhui province of China as
well as southeast Asia and Australia (Hua et al., 2004). Because
of environmental and developmental factors (region, soil,
temperature…) during plant growth, the concentrations of the
herbal constituents can vary significantly among the raw⁎ Corresponding author.
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doi:10.1016/j.sajb.2009.02.002materials, even if the same species are collected from different
areas (Liang et al., 2004). For their similar morphologies, it is so
difficult to discriminate exactly from each other, that the drug
markets of caulis D. candidum from one place are always
complex with those from other places (Chinese pharmacopoeia,
2005). So it is an important issue to comprehensively evaluate
the different original place of D. candidum, as to ensure the
clinical efficacy.
Actually, a global assessment of herbal medicine contains
species identification and quality evaluation. The general
approaches to herbal identification are dependent on morpho-
logical (Carlsward et al., 1997), anatomical (Stern et al., 1994),
molecular techniques (Li et al., 2005) and chemical analyses
(Anonymous, 1988). However, morphological and anatomical
methods provide little help as some species from different
localities are similar in their morphologies and anatomical
features (Li et al., 2005). Although many molecular techniques
have been applied to some plant species identification by
genotypic patterns, including ribotyping, random amplified
polymorphic DNA (RAPD) (Bansal and McDonell, 1997), PCRts reserved.
Table 1
Representative samples of Dendrobium candidum investigated in this study.
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23S PCR) (Tannock et al., 1999), ITS–PCR–RFLP (Amelio
et al., 2000), PCR-specific identification (Song et al., 2000),
mip gene sequencing (Ratcliff et al., 1998), etc., none of them
has been applied as a routine and reliable method for species
identification possibly due to their inconvenient detection
processes or inconsistent results. Additionally, complex proce-
dures and expensive costs in each experiment strongly restrict
their application as a convenient method for routine identifica-
tion. Most importantly, these above methods cannot directly
reflect the quality of herbal medicine.
As far as chemical analyses are concerned, because of the
complex composition, the development of a suitable analytical
procedure to separate all compounds is not evident. There it is
not useful or feasible to analyze the quality and quantity of each
compound individually (Dumarey et al., 2008). One or two
markers, most frequently the pharmacologically active sub-
stances, are often employed for evaluating the quality and
authenticity of an herbal medicine. However, the existence of
complex phytochemicals makes it often difficult to determine
those with main therapeutic activity. Moreover synergic
interactions between compounds are ignored using this
approach (Gan and Ye, 2006).
To obtain a global assessment of herbal medicine, instead of
focusing on limited number of compounds, fingerprint
technology was introduced for the identification and quality
evaluation of herbal medicine (Gong et al., 2003). Meanwhile
this technology was also accepted by the World Health
Organization (WHO) (World Health Organization, 1991),
FDA (FDA Guidance for Industry-Botanical Drug Products,
2000) and EMEA (European Medicines Agency, 2001). In the
past decades, several chromatographic techniques, such as high-
performance liquid chromatography (HPLC), gas chromato-
graphy (GC) and capillary electrophoresis (CE) have been
applied to obtain a fingerprint from medicinal plants (Liang
et al., 2004; Xie, 2005). Among them, the CE fingerprint is the
most important one and is widely used. The effectiveness of
fingerprint in quality control of plant extracts is a very important
issue. In China, guidelines for the establishment of fingerprints
for Chinese medicine have been officially published (State Drug
Administration of China, 2000).
In this paper, we describe an establishment method of
fingerprint profile using a CE system, which will provide the
useful information to identify D. candidum species. Addition-
ally, samples from 10 different regions are classified by CE
results using software of SPSS 13.0. To our best knowledge,
this information has not been reported about D. candidum.No Number of samples Growth location Date of collection
P1 6 Wenzhou, Zhejiang April 2007
P2 8 Yangdangshan, Zhejiang April 2007
P3 6 Guangxi April 2007
P4 7 Jiangxi April 2007
P5 6 Hunan April 2007
P6 5 Guangdong April 2007
P7 8 Fujian May 2007
P8 8 Fuyang, Zhejiang May 2007
P9 8 Yunnan May 2007
P10 7 Anhui May 20072. Materials and methods
2.1. Instrumentation
CE separation was carried out on a Beckman P/ACE MDQ
capillary electrophoresis system equipped with a photodiode
array detector. Instrumental control and data acquisition were
conducted with 32 Karat software.2.2. Reagents and materials
Chromatographic grade methanol and other analytical grade
chemicals were used. Dendrobium candidum plants were
collected from 10 different regions which were shown in
Table 1 and identified by Professor Jian-Ping Luo (Hefei
University of Technology, China).
2.3. Sample preparation
The Dendrobium candidum plants were washed with
running water and the leaves and roots were removed then
dried in a 60 °C oven then ground into powder. 20 ml ethanol:
water solution (2:8, v/v) were added to a 0.5 g sample and the
solution was soaked in hot water for 4 h. After that, the sample
was extracted by ethanol:water solution (2:8, v/v) using a
circulating reflux equipment for 2 h. The extracted solutions
were then filtrated through analytical filter papers. The filtrate
was condensed with vacuum to dry and the residue was
ultrasonically dissolved in 5 mL methanol:water solution
(2:8, v/v). Each sample was prepared with the protocol
mentioned above for CE analysis. All solutions were filtered
through a 0.45 µmmembrane and then injected directly into the
CE system.
2.4. CE separation
The separation was performed using a 60 cm (50 cm to
detector)×75 µm i.d. fused-silica capillary. Prior to the first use,
the new capillary was conditioned with 1.0 mol/L NaOH for
30 min and 0.1 mol/L NaOH for 10 min, followed by the ultra-
pure water for 5 min and the running buffer for 5 min,
respectively. After one detection was completed, the capillary
was equilibrated with the running buffer for 2 min. Furthermore,
the capillary was reconditioned with 1.0 mol/L NaOH for 3 min
and the ultra-pure water for 2 min after every three runs. The
running buffer was refreshed after every three runs to ensure the
good repeatability. Electrophoretogram was obtained with a
wave length set at 195 nm. The sample solution was injected
hydrodynamically at 50 mbar for 5 s. A 15 kV (positive to
negative) voltage was applied. The capillary temperature during
electrophoresis was maintained at 25 °C. The background
Table 2
The relative migration time (RMT) and relative peak area (RPA) of characteristic
peaks in plants of Dendrobium candidum.
Peak number Migration time (min) Peak area (μV·s) RMTa RPAb
1 8.2 6174 0.406 0.174
2 9.3 43579 0.460 1.121
3 11.1 118336 0.549 3.044
4 14.4 52598 0.713 1.353
5 14.7 45095 0.738 1.160
6 15.8 51354 0.782 1.321
7 17.9 113865 0.886 2.929
8 18.4 93650 0.911 2.409
9 20.2 38875 1.000 1.000
10 24.7 133652 1.223 3.438
11 27.6 33044 1.366 0.850
12 28.9 25541 1.431 0.657
13 30.4 43540 1.505 1.120
14 33.6 32461 1.663 0.835
15 47.7 203433 2.361 5.233
a The average relative retention time of each characteristic peak to the
reference peak (peak 9).
b The relative peak area of each characteristic peak to the reference peak
(peak 9).
Fig. 1. The fingerprint electropherogram of the extract of Dendrobium candidum from Yandang Mountain of Zhejiang Province.
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methanol, v/v) adjusted to pH 9.5 with NaOH solution
(0.1 mmol/L).
2.5. Data analysis
Data analysis was performed by the professional software of
statistics named SPSS with the version of 13.0. Besides,
considering the characteristics of fingerprints, the relative
retention time (RRT) and relative peak area (RPA) of main
peaks detected were calculated with reference peak in this study
and would be used to evaluate the quality of fingerprints.
3. Results and discussion
3.1. Optimization of CE condition
3.1.1. Wave length detection
Scanning the sample solution through the diode array
detector, it was found that the baseline is steady at 195 nm
and more peaks can be detected. As the wavelength below
195 nm, the baseline becomes unsteady gradually, noise
increases and the spectrogram becomes in disorder. When the
wavelength was above 195 nm, response values for most peaks
remarkably were dropped. So the detection wavelength was set
at 195 nm.
3.1.2. The choice of background electrolyte
Different buffers with concentration of 40 mmol/L were
tested for their use as running buffer in this separation. It was
found that the separation efficiency was high with the running
buffer of borax–NaOH and borax–H3PO4. With respect to the
buffer of Tris–HCl, phosphate and carbonate, the electricity issmall and the baseline is unsteady. Moreover less peaks and low
separation efficiency were also observed. When Tris–borax or
borax–SDS was used, the speed of the electrophoresis was so
fast that many peaks were compressed together. Based on those
experiments, different pH value between 9.0 and 10.5 of the
borax buffer were also investigated. Results showed that pH 9.5
was suitable to this separation system. It was also found that the
separation efficiency can be enhanced by adding methanol in
the buffer while the critical concentration was 5%. When the
concentration was higher than 5%, methanol could make
Table 3
The matrix of similarities between each of the ten regions and the standard capillary electrophoresis fingerprint of Dendrobium candidum.
Cosine of vectors of values
Standard P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Standard 1.000
P1 0.934 1.000
P2 0.963 0.963 1.000
P3 0.918 0.770 0.816 1.000
P4 0.925 0.888 0.897 0.788 1.000
P5 0.854 0.888 0.886 0.638 0.794 1.000
P6 0.960 0.866 0.907 0.968 0.851 0.716 1.000
P7 0.925 0.933 0.961 0.752 0.845 0.875 0.852 1.000
P8 0.951 0.887 0.912 0.837 0.872 0.875 0.883 0.865 1.000
P9 0.952 0.809 0.862 0.944 0.852 0.714 0.928 0.826 0.883 1.000
P10 0.916 0.908 0.921 0.710 0.923 0.882 0.814 0.931 0.900 0.809 1.000
Fig. 2. Two-dimensional plots of Dendrobium candidum plants from ten
different regions based on PCO.
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Therefore, 40 mmol/L sodium borate solution (pH 9.5)
containing 5% methanol was chosen as the running buffer.
3.1.3. The choice of the extracting solvent
The powdered material (0.5 g) was extracted for 48 h with
20% ethanol(v/v), 50% ethanol(v/v), 80% ethanol(v/v), chloro-
form, ethyl acetate, petroleum ether and n-butanol in a Soxhlet
system, respectively. Comparing with the other solvents, more
peaks were obtained in the extracts of ethanol and petroleum
ether. According to the principal that retain more chemical
composition to evaluate traditional Chinese medicine, 20%
ethanol (v/v) was finally chosen as the extracting solvent.
3.2. Study of fingerprint of Dendrobium candidum
3.2.1. Standardization of fingerprint
There are various plant species of Dendrobium in different
provinces and regions of China because of vast territory and
abundant resources in China. Hence, raw materials in market
usually come from various plant species. Particularly, one type
might be collected from different regions and it is difficult to
ascertain the detail botanical origin. The geographical trace-
ability of Dendrobium plants in China became more and more
necessary. Sixty-nine samples of raw materials collected from
different regions of China were analyzed with the above
extraction method and CE condition. The results indicated that
their chromatographic patterns were generally consistent with
its origin although the quantity and absorption intensity of peaks
was different.
The peaks in CE electrophoregrams were identified based on
migration time and UVabsorption spectra comparison. In these
CE fingerprints, 15 common peaks were chosen in all samples
and were presented in a relatively high content (Fig. 1). The
average value of migration time and peak area from the 69
samples from 10 different regions was regarded as the reference
fingerprint. Peak 9 was assigned as the reference peak because it
was the consistency peak and had a moderate migration time in
all electrophoregrams. The CE fingerprints of Dendrobium
candidum samples were further quantitatively expressed in
terms of the relative migration time (RMT) and relative peakarea (RPA). The RMT and RPA of each characteristic peak with
respect to the reference peak were calculated (Table 2). The
RMT and RPA data of the characteristic peaks may reflect the
quantitative expression of the present CE fingerprint of Den-
drobium candidum.
3.2.2. Precision, repeatability and stability
Sample solution from Yunnan Province was successively
injected into the CE system and analyzed five times. The
relative standard deviation (RSD) of RMT and RPA were not
exceeding 3% and 5% for injection precision, respectively for
each peaks. The result indicated that precision of the instrument
was good. Five sample solutions were parallel prepared and
were successively injected into the CE system. The RSD of
RMT and RPA were below 5% for each peak, which showed
that the method had good repeatability. The stability test was
performed with sample solutions after extraction for 0 h, 4 h,
8 h, 12 h and 16 h, respectively. The RSD of RMT and RPA
were less than 4% and 7%. This indicated that the sample
solution was stable for at least 16 h.
3.2.3. Similarity analysis
Relative migration time and relative peak area was calculated
for the 15 “common peaks” in each electropherogram (Table 2).
Table 4
The Euclidean distances among the samples from 10 different regions.
Case Euclidean distance
1:P1 2:P2 3:P3 4:P4 5:P5 6:P6 7:P7 8:P8 9:P9 10:P10
1:P1 0.000
2:P2 1.830 0.000
3:P3 3.358 2.834 0.000
4:P4 3.090 3.053 3.206 0.000
5:P5 3.009 3.106 4.397 4.070 0.000
6:P6 3.005 2.430 0.970 3.177 4.379 0.000
7:P7 2.454 1.977 3.513 3.745 3.253 3.186 0.000
8:P8 2.892 2.551 2.810 3.079 3.002 2.737 3.221 0.000
9:P9 3.273 2.624 1.556 2.813 4.072 1.920 3.081 2.492 0.000
10:P10 2.987 2.960 3.902 2.667 3.252 3.683 2.736 2.707 3.180 0.000
This is a dissimilarity matrix.
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between all samples and the common pattern were calculated by
cosine and showed in Table 3. It could be seen from the table
that the coefficients between standard fingerprint and each
sample were all above 0.9 except that from Hunan Province.
The similarity of plants from Wenzhou and Yandangshan of
Zhejiang province was over 0.96. Similar result was also
observed between the samples of Guangxi province and
Guangdong province. The lowest value of similarity was
showed between Guangxi province and Hu'nan province.
3.2.4. Principal component analysis and cluster analysis
Using principal component analysis (PCO), more data
information could be retained when the data is moving from
high dimension to low dimension in the process of conversion.
So it can directly reflect relations between the samples in two
dimensions or three dimensions chart (Ruan and Li, 2007;
Wang et al., 2007; Yang et al., 2007). After standardization of
the electrophoregrams matrix data, principal component
analysis was employed. It could be found that variations of
two main components account for 82% of the total variations.
So the first and the second component were extracted from the
data as the two dimensional chart (Fig. 2). Results showed that
the first component of the total variations mainly came from all
the samples except Hu'nan Province, accounting for 70% of the
total variations. The variations of plants from Hu'nan ProvinceFig. 3. Dendrogram constructed according to UPGMA cluster analysis, based on
the Euclidean distance, showing the genetic relationships among the Dendro-
bium candidum species collected from 10 different regions.mainly formed the second composition, accounting for 12% of
the total variations. These results were approximately consistent
with the similarity analysis. The herbs in close geographical
position often gathered together in the PCO chart, which could
be greatly related with the geographical position as well as
climate environment. Similar results were also found in other
plant species (Ding et al., 2005).
According to the reference method (Hu et al., 2006), the
Euclidean distance was calculated in Table 4. In line with PCO
analysis, a dendrogram was also constructed according to
UPGMA cluster analysis by Euclidean distance (Fig. 3). Based
on the dendrogram, the ten species could be clearly grouped in
three clusters. Samples from Guangxi province, Guangdong
province, Yunnan province, Fujian province were grouped with
those from Wenzhou, Yandangshan and Fuyang of Zhejiang
province in cluster Ι. Samples from Jiangxi province and Anhui
province were grouped in cluster II The last cluster only
contained the species of Hu'nan province. The cluster analysis
approximately approved the results of similarity analysis and
PCO analysis. It also simultaneously reflected the genetic
relationships between all kinds of samples.
3.2.5. Discriminant analysis
According to the UPGMA cluster analysis (Table 5),
discriminant analysis was employed to build a discriminant
function which made least mistakes when judging the quality ofTable 5
Cluster membership.
Case 3 Clusters
1:P1 1 a
2:P2 1
3:P3 1
4:P4 2
5:P5 3
6:P6 1
7:P7 1
8:P8 1
9:P9 1
10:P10 2
a The same number indicates the species of D that belong to the same cluster
with UPGMA cluster analysis.
Table 6
Variables in the discriminant analysis.
Step Tolerance F to remove Wilks' Lambda
1 X13 1.000 7.984
2 X13 0.247 32.948 0.903
X7 0.247 9.136 0.305
3 X13 0.069 100.762 0.704
X7 0.076 30.414 0.224
X11 0.276 8.557 0.075
4 X13 0.069 78.432 0.198
X7 0.074 23.123 0.062
X11 0.251 7.676 0.024
X2 0.554 4.937 0.017
Fig. 4. Combined-groups plot for Canonical Discriminant Function. ‘1’
represents the first category medicinal plant, ‘2’ represents the second category
medicinal plant, ‘3’ represents the third category medicinal plant.
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candidum precisely and rapidly (Cheng et al., 2003).
Relative peak areas for the 15 characteristic fingerprint peaks
of 10 samples were chosen as the training collective to build a
discriminant function. The classified variable hypothesis is:
1= ‘the first category medicinal plant’, 2= ‘the second category
medicinal plant’, 3= ‘the third category medicinal plant’.
Stepwise discriminant analysis was performed by SPSS 13.0
software. According to contribution of independent variable
(RPA in this article), variables were added or eliminated
gradually till there was no remarkable variable to add or
eliminate from the equation. After four steps screening, four
characteristic peak datas (X2, X7, X11, X13) were finally chosen
as the basis to build the discriminant function (Table 6 and 7).
After the inverse transformation to each standardized variable,
the classic discriminant functions were characterized as the
follows:
D1 = − 0:168X2 − 1:995X7 + 5:082X11 + 6:741X13 − 5:839
D2 = 1:501X2 − 0:598X7 − 1:548X11 + 0:478X13 + 0:851
In the equations, each variable was respectively correspond-
ing to the relative peak area of the characteristic peak. The
category of unknown sample could be calculated by filling the
relative peak areas of the 4 characteristics fingerprint peaks into
the above equation. The standard was as follows: If D1b0 and
D2b0, the species will belong to the first category medicinal
plant. If D1b0 and D2N0, it belongs to the second category
medicinal plant. Otherwise, the plants will be the last category
with the condition of D1N0 and D2N0. The data of all samples
was filled into the above equation and the coincidence rate
attached 100% (Fig. 4). These results indicated that the
discriminant function established in this paper, provided aTable 7
Standardized Canonical Discriminant Function coefficients.
Function
1 2
X2 −0.146 1.308
X7 −3.435 −1.030
X11 1.735 −0.529
X13 3.785 0.268rapidly and convenient method for differentiating unknown
Dendrobium candidum species.
4. Conclusion
In this study, the CE fingerprint of Dendrobium candidum
plants was successfully established for the first time. In the 69
samples collected from 10 different places, 15 characteristic
fingerprint peaks of Dendrobium candidum were identified.
The Dendrobium candidum samples were well classified by CE
fingerprint in combination with similarity analysis, principal
component analysis and UPGMA cluster analysis. Based on
these results, discriminant function was built to classify the
plant species conveniently and rapidly, which could supply
some good information for quality evaluation of Dendrobium
candidum raw materials for medicine. For the analysis of
similarity, the further the geographical location is, the less of
other provinces Dendrobium candidum samples gets. The
classification of Dendrobium candidum samples depended on
the geographical origin character of plants.
The fingerprinting analysis combining similarity evaluation,
principal component analysis and UPGMA cluster analysis is a
novel, valid and rapid method for classification of plant species.
The advantage of using this technology is that it is often
unnecessary to know the individual components that make up
the fingerprint (Kelly, 2001). Thus, this presents itself as a
highly rapid and efficient process for assessment. The
fingerprint method established by this study could be applied
to the other herbal plants for the quality assessment.
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